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Abstract
In this paper, we propose a natural model describing competition between two research groups of the same average research strength. The
analysis of this model enables us to conclude that a more diverse group
has an advantage: namely, the more diverse the group, the higher the
average quality of its publications.
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Introduction

Diversity is beneficial. Experiments and simulation have shown that, in
general, more diverse groups have an advantage over less diverse ones; see, e.g.,
[2, 3, 5, 6].
What we do in this paper. In this paper, we provide one more quantitative
argument in favor of diversity. Namely, we show that if we have two competing
research groups with the same average strength, then the more diverse research
group has a clear advantage.
Comment. Some of the results from this paper ﬁrst appeared in [8].
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Two Competing Research Groups: Description of a Model

Natural assumption: strength is normally distributed. Normal distributions are ubiquitous, they appear in many real-life situations; in particular,
they describe the distribution of many characteristics of a human being such
as height, weight, blood pressure, or IQ. The ubiquity of normal distribution
can be explained by the fact that in many cases, the value of the quantity is
caused by many independent factors, and the known Central Limit Theorems
states, crudely speaking, that the distribution of the sum of large number small
independent factors is close to normal; see, e.g., [7].
It is therefore reasonable to assume that within each of the two competing
research groups, strength is normally distributed. In general, a normal distribution is uniquely determined by its mean µ and its standard deviation σ. In
terms of strength, the mean is the average strength, while the standard deviation describe diversity: the larger the standard deviation, the more diverse the
group.
We assume that both groups have the same average strength µ, but that the
ﬁrst group is more diverse: σ1 > σ2 .
How the groups compete: a description. We assume that each group
coordinate the research eﬀorts of its members, so there is no unnecessary competition within each group; the only competition is between the two groups.
Once a member of one of the research groups selects a problem – a problem
that people in the ﬁeld consider to be important – it is highly probably that the
same problem will be picked up by some member of another research group.
The groups (being competitors) do not coordinate their research eﬀorts with
each other. As a result, the corresponding member of another research group
is randomly selected from that group. If two researchers of diﬀerent research
strength s1 > s2 work on the same problem, it is reasonable to expect that the
stronger researcher will get the results ﬁrst – and this will result in a paper of
quality corresponding to this higher strength s1 .
Let us analyze the resulting model.
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Analysis of the Model

Let us analyze. Under the above assumptions, let us see which of the two
groups has an advantage. Intuitively, the answer is not clear:
• on the one hand, the more diverse research group has a larger number
of stronger researchers, which gives this group an advantage over the less
diverse group;
• on the other hand, the more diverse research group also has a larger number of weaker researchers, which gives this group a disadvantage over the
less diverse group.
2

At first glance, diversity brings no advantage. In the above competition,
which of the two groups will be more successful? Let us ﬁrst consider the
simplest measure of success: the resulting number of publications.
The ﬁrst group gets a publication is a value s1 randomly selected from the
ﬁrst group exceeds a value s2 randomly selected from the second group: s1 > s2 .
Thus, the number of publications produced by the ﬁrst group is proportional to
the probability that for randomly selected values s1 and s2 , we have s1 − s2 > 0,
i.e., equivalently, that s1 − s2 > 0. The two independent random variables
x1 and x2 are normally distributed with the same mean µ. It is known that
the diﬀerence of two independent normally distributed random variables is also
normally distributed. The mean of the diﬀerence s1 −s2 is equal to the diﬀerence
of the means, i.e., to µ − µ = 0. Thus, s1 − s2 is a normally distributed random
variable with 0 mean. For such random variable, the probability of it being
1
positive is exactly .
2
Thus, when the two research groups have the same average strength, in half
of the cases, the ﬁrst group will succeed, in half of the cases, the second group
will succeed. So, both groups will generate, on average, the same number of
publications.
Towards a deeper analysis. In terms of number of publications, diversity
does not bring any advantage. However, diﬀerent publications have diﬀerent
quality. What if, instead of simply counting the number of publications, we
would instead estimate the average quality of a publication?
According to our model, the ﬁrst group succeeds if s1 > s2 and produces
a paper of quality s1 . Thus, the average quality q1 of papers produced by the
ﬁrst research group is equal to the conditional expectation q1 = E[s1 | s1 > s2 ].
Similarly, the the average quality q2 of papers produced by the second research
group is equal to the conditional expectation q2 = E[s2 | s1 > s2 ].
Let us estimate these two quantities.
Estimating the desired quantities.
paper of quality s1 :

The ﬁrst research group produces a

• if there is a person of strength s1 in this group and
• if this person was stronger than the competitor, i.e., a person with a
(randomly selected) strength s2 from the second research group.
The probability of the ﬁrst research group having a member of strength s1
is determined by the normal distribution, i.e., has the form
(
)
s1 − µ
1
·ϕ
,
f1 (s1 ) =
σ1
σ1
where

( 2)
1
x
√
ϕ(x) =
· exp −
2
2π
def
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is the probability density of the standard normal distribution (i.e., a normal
distribution with mean 0 and standard deviation 1).
The probability that s1 will win over the competitor is equal to
Prob(s2 < s1 ).
By deﬁnition of the cumulative distribution function (cdf) F2 (x) of the random variable s2 , this probability is equal to Prob(s2 < s1 ) = F2 (s1 ). Since
the
( variable
) s2 is normally distributed, this probability has the form F2 (s1 ) =
s1 − µ
Φ
, where Φ(x) is the cdf of the standard normal distribution.
σ2
Since s1 and s2 are independent, the probability distribution function f (s1 )
for the publication quality s1 is proportional to the product of the two probabilities, i.e., has the form
(
)
(
)
s1 − µ
s1 − µ
f (s1 ) = const · ϕ
·Φ
.
σ1
σ2
Such a distribution is known: it is a skew-normal distribution; see, e.g., [1, 4, 9]
and references therein. To be more precise, the usual formula for the skewnormal distribution has the form
(
)
( (
))
s1 − µ
s1 − µ
f (s1 ) = const · ϕ
·Φ α·
,
σ1
σ1
σ1
.
σ2
It is known that
√ the mean value of the skew-normal random variable is
σ1
2
α
equal to q1 = µ +
. Substituting α =
· σ1 · √
into this formula
π
σ2
1 + α2
and multiplying both the numerator and the denominator of the corresponding
fraction by σ2 , we conclude that
which coincides with the above form for α =

σ2
q1 = µ + √ 2 1 2 .
σ 1 + σ2
Similarly, the average quality of papers published by the second research group
is equal to
σ2
q2 = µ + √ 2 2 2 .
σ 1 + σ2
Conclusion. From the above formulas, we can see that the larger the standard
deviation σi , the larger the average quality qi of the corresponding publications.
Thus, while a diverse group produces, on average, the same number of publications, the average quality of these publications is higher – and the more diverse
the group, the higher the quality.
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